The presence of supercoiled deoxyribonucleic acid in the form of a relaxation complex is described for the antibiotic resistance plasmids R64, R28K, and R6K. The properties of these relaxation complexes indicate that they consist of a covalently closed circular deoxyribonucleic acid molecule associated with an activable, single strand-specific endonuclease.
Stable, extrachromosomal genetic elements in bacteria exist as covalently closed circular deoxyribonucleic acid (DNA) molecules (8) . Among these, ColEl (4), ColE2 and ColE3 (5), ColIb (6) , Fl (10), A and AA (9) , ColV2 (R. Leavitt and D. Helinski, unpublished data), and NRl (C. F. Morris and R. Rownd, manuscript in preparation) also have been isolated as supercoiled circular DNA-protein complexes which, when treated with certain agents that affect protein structure, undergo a conversion from the supercoiled DNA form to the open circular (relaxed) form.
In this communication, a comparative study of the relaxation complexes of three R plasmids, R6K, R28K, and R64, purified from Escherichia coli, is reported. Some general properties of these R plasmids are given in Table 1 . The E.
coli strains J5-3 (R64) [Pro-Met-] , RC85 (R6K) Net ], and RC85 (R28K) were used as donors of the plasmids R64, R6K, and R28K, respectively, in conjugal transfer with the E. coli strain CR34 [Thr-, Leu-, Thy-, Lac-, Thi-] by a modification of the procedure of Nishioka et al. (14) .
In all of the experiments, the cells were grown overnight at 37 C in M9 medium (16) containing glucose (0.2%), Casamino Acids (0.5%), and thiamine (2 ug/ml). For the CR34 strains, thymine was added at a concentration of 2 ,ug/ml. The overnight cultures were diluted 100-fold in 30 ml of the same medium and, in the case of the RC85 and J5-3 strains, supplemented with 300 ,g of deoxyadenosine per ml to ' promote the incorporation of labeled thymine (3). [2-4CIthymine (New England Nuclear, 50 mCi/mmol) at a final concentration of 1 ,g/ml and [methyl-3H]thymine (New England Nuclear 10 Ci/mmol) at a final concentration of 10 ng/ml were used to label the cells. The diluted suspension was incubated in a rotary shaker at 37 C to a cell density of 5 x 108 cells per ml, the cells were lysed, and the cleared lysates were prepared as described previously (12) . Figure 1 shows The relaxation complex of the plasmid R28K (Table 2) is similar in its relaxation properties to the ColE2 plasmid that has been previously described (2). The supercoiled DNA of the R28K complex relaxed when treated with SDS, Pronase, or ethidium bromide (300,ug/ml), but it did not relax when heat treated (30 min at 60 C). Furthermore, the heat-treated R28K complex was insensitive to subsequent treatment with SDS. Similar heat inactivation of the DNA-protein complex has been reported for the ColE2 plasmid and the Fl sex factor (10) .
The supercoiled DNA of the DNA-protein complex of the R6K plasmid (Table 2) was relaxed when treated with SDS or ethidium bromide. There was virtually no relaxation upon treatment with heat or Pronase. Furthermore, the Pronase or heat-treated relaxation complex of the R6K factor was not relaxable with SDS.
Two models have been proposed to explain the properties of a supercoiled DNA-protein relaxation complex (7); one postulates a preexisting nick or gap in the supercoiled DNA, with the complex protein(s) functioning as a binder(s), whereas the other postulates that the complex consists of covalently closed supercoiled DNA and an inactive endonuclease or "nickase" that can be activated by the agents that induce relaxation. As previously indicated for the ColE2 and Fl relaxation complexes, the evidence presented here favors the latter model for the R28K and the R6K complexes. The fact that heat treatment inactivates the R28K and the R6K complexes is directly compatible with the notion that an active enzyme is required to induce relaxation. Further evidence supporting the second model in the case of the R6K complex is the observation that treatment with a proteolytic enzyme or high salt concentrations (Y. Kupersztoch and D. Helinski, manuscript in preparation) removes the protein from the complex without affecting the supercoiled state of the plasmid DNA.
In the case of the R6K relaxation complex, it has been demonstrated that the nick or gap induced by activating the relaxation complex is specifically in the poly(UG)-binding strand (Y. Kupersztoch and D. Helinski, manuscript in preparation) as in the case of the complexes of the plasmids ColEl (7) and ColE2 (2) and of the sex factor Fl (10). It also has been found that the nick introduced by relaxation of the R6K complex is at a specific site (Y. Kupersztoch The complexes were prepared and the relaxation was assayed as described in the legend to Fig. 1 , except that the R28K and R6K plasmids were centrifuged at 50,000 rpm for 60 min at 15 C. Pronase treatment was carried out as described in the legend to Fig. 1 
